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Abstract
Introduction: Diabetes mellitus (DM) is a major cause of chronic kidney disease (CKD). 

The epidemiology of CKD secondary to type 2 DM (T2DM) (i.e. diabetic nephropathy 
(DN)) has not been well studied in Singapore, a multi-ethnic Asian population. We aimed 
to determine the prevalence of CKD in adult patients with T2DM. Materials and Methods: 
We conducted a cross-sectional study on patients (n = 1861) aged 21 to 89 years with T2DM 
who had attended the DM centre of a single acute care public hospital or a primary care 
polyclinic between August 2011 and November 2013. Demographic and clinical data were 
obtained from patients using a standard questionnaire. Spot urine and fasting blood samples 
were sent to an accredited hospital laboratory for urinary albumin, serum creatinine, 
HbA1c and lipid measurement. CKD was defi ned and classifi ed using the 2012 Kidney 
Disease: Improving Global Outcomes (KDIGO) guidelines and classifi cation. Results: The 
distribution by risk of adverse CKD outcomes was: low risk, 47%; moderate risk, 27.2%; 
high risk, 12.8%; and very high risk, 13%. The prevalence of CKD in patients with T2DM 
was 53%. Variables signifi cantly associated with CKD include neuropathy, blood pressure 
≥140/80 mmHg, triglycerides ≥1.7 mmol, body mass index, duration of diabetes, HbA1c 
≥8%, age, cardiovascular disease, and proliferative retinopathy. Conclusion: CKD was 
highly prevalent among patients with T2DM in Singapore. Several risk factors for CKD 
are well recognised and amenable to intervention. Routine rigorous screening for DN and 
enhanced programme for global risk factors reduction will be critical to stem the tide of DN.  
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Introduction
According to the National Health Survey, the percentage 

of Singapore residents with diabetes mellitus (DM) aged 
between 18 and 69 years has risen from 8.2% in 2004 to 
11.3% in 2010.1,2 DM can lead to a myriad of long-term 
health complications such as coronary heart disease, kidney 
failure and stroke.3 Of note, DM is a major cause of kidney 
failure.4 There is a rising trend of end-stage renal disease 
(ESRD) due to DM. The proportion of diabetics among 
new ESRD patients increased from 48.2% in 1999 to 63.5% 
in 2011.5 The problem of kidney failure arising from DM 
will be of even more concern as DM prevalence increases. 

There are guidelines6-8 to facilitate detection and 

appropriate management of patients with chronic kidney 
disease (CKD). The Kidney Disease: Improving Global 
Outcomes (KDIGO) 2012 clinical practice guideline for the 
evaluation and management of CKD has recently updated 
the original 2002 version with enhanced classifi cation 
of CKD. This includes adding the cause and categories 
of albuminuria besides glomerular fi ltration rate (GFR) 
in the assessment, and refi ning GFR category 3 into 3a 
and 3b. The risk categorisation of CKD is refl ected in the 
yearly rate of decline in renal function, e.g. GFR drop 
of ≤1 mL/min/1.73m2/year in subjects with low risk of 
CKD progression and ≥4 mL/min/1.73m2/year in those 
with high risk of CKD progression.6 It will be useful to 
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understand the prevalence of the CKD based on the revised 
categories. Furthermore, information on the burden of CKD 
in DM patients in Singapore is limited although there has 
been extensive research on this group internationally.9-15 

There were a few studies that examined the status of renal 
function among patients with diabetes in Singapore.16-18 
For example, the Diabcare-Singapore 1998 study revealed 
abnormal levels of urinary protein (>500 mg/24 hours) in 
16%, microalbuminuria in 36% and raised serum creatinine 
in 3% of the patients tested in 22 diabetes clinics from 
general hospitals and primary healthcare centres.15 While 
these studies have shed light on the renal status in terms 
of albuminuria and elevated creatinine, little is known 
about CKD prevalence among patients with DM using the 
KDIGO revised guidelines. We therefore undertook a study 
to determine the prevalence of CKD as well as its associated 
factors in patients with Type 2 DM (T2DM). We hope to 
establish a baseline profi le for the risk of CKD outcome 
with the fi ndings in order to develop future prevention and 
management strategies tailored to patients with T2DM. 

Materials and Methods
Study Design

This is a cross-sectional study involving 1861 adult 
patients aged between 21 and 89 years with T2DM who 
attended the DM centre or a primary care polyclinic in the 
northern region of Singapore between August 2011 and 
November 2013. The polyclinics in Singapore provide 
medical care for acute and chronic conditions, medical 
examination, screening and other services. The DM 
centre is a one-stop centre located in Khoo Teck Puat 
Hospital (KTPH) for people with DM in the northern 
region of Singapore. It manages patients with DM with 
more complications that require a higher level of holistic 
care. The study was approved by the National Healthcare 
Group Domain Specifi c Review Board in Singapore and 
all patients signed written informed consent. 

The exclusion criteria were as follows: T1DM, 
pregnancy, active infl ammation, cancer, on non-steroid 
anti-infl ammatory drugs (NSAIDS) on the day of the 
assessment, on oral steroids equivalent to >5 mg/day of 
prednisolone, fasting glucose <4.5 mmol or >15 mmol, 
HbA1c >12%, inability to give informed consent and 
insertion of pacemaker or any device that may be affected 
by electric current. 

Measurement 
Data on demographics, vascular risk factors, diabetic 

complications and medications were extracted from a 
standard questionnaire answered by all patients. Blood 
pressure was measured by trained nurses using a standard 

electronic sphygmomanometer .The measurement was done 
on the arm of the subject with an appropriate cuff in the 
sitting position, and an average of 3 readings was taken. 
High blood pressure (BP) was deemed as systolic blood 
pressure ≥140 mmHg and/or diastolic blood pressure ≥80 
mmHg, taking reference from the 2014 American Diabetes 
Association (ADA) recommendations.19 Ankle pressure 
was measured after a 5-minute rest in supine position with 
a standardised Doppler ultrasonic device. Ankle brachial 
index (ABI) was calculated as the ratio of the higher of the 2 
systolic pressures at the ankle to the higher of the right and 
left brachial artery pressures. Peripheral artery disease (PAD) 
was defi ned as present if the lower ABI ≤0.9.20,21 Neuropathy 
was assessed using a neurothesiometer for vibration and a 
5.07 (10 g) monofi lament on non-calloused plantar sites for 
light touch. For monofi lament assessment in the foot, the 
test is considered abnormal if a patient fails to feel at least 
3 out of 10 sites. For neurothesiometer readings, a mean of 
3 values greater than 25 volts indicates that the patient is 
at risk, and the test is considered as abnormal. Neuropathy 
was defi ned as the presence of an abnormal fi nding in 
monofi lament or neurothesiometer testing. Retinopathy 
was ascertained from patients’ medical record. If this was 
absent, the patient was asked for the information through 
questionnaire.

Spot urine creatinine was obtained along with spot urine 
albumin and serum creatinine. An average reading for 
a maximum of 3 tests was obtained. Blood samples for 
HbA1c and lipids were also taken from the patients. The 
spot urine and blood samples were sent to the hospital 
laboratory accredited by the College of the American 
Pathologists (CAP) for measurement. The following assays 
or methods were used for measurement: Roche cobas® 

c501 immunoturibidmimetric assay for urinary albumin; 
Roche cobas®  c501 enzymatic colorimetric test for serum 
creatinine, total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-cholesterol), high-density lipoprotein 
cholesterol (HDL-cholesterol) and triglycerides (TG); 
and monoclonal antibody agglutination reaction using 
Siemens DCA Vantage® analyser for glycated haemoglobin 
(HbA1c). Lipid abnormalities were considered as follows: 
LDL-cholesterol ≥2.6 mmol/L (high LDL-cholesterol); 
HDL-cholesterol ≤1 mmol/L in men or ≤1.3 mmol/L in 
women (low HDL-cholesterol); TC ≥5.2 mmol/L (high 
TC); and TG ≥1.7 mmol/L (high TG), taking references 
from the 2014 ADA recommendations.19 

The Modifi cation of Diet in Renal Disease (MDRD) 
formula was used to calculate the estimated GFR 
(eGFR).22 We are aware of another equation—the Chronic 
Kidney Disease Epidemiology (CKD-EPI) collaboration 
equations—formulated for the general population (i.e. not 
limited to T2DM). We have decided to adopt the MDRD 
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formula given the wealth of publications based on this 
equation. The KDIGO 2012 CKD guidelines defi ned 
albuminuria categories as normal or mildly increased, 
moderately increased and severely increased for urinary 
albumin to creatinine ratio (ACR) values of <30 mg/g, 30 
to 300 mg/g and >300 mg/g respectively. In the KDIGO 
2012 CKD Guidelines, CKD was defi ned by the presence 
of decreased GFR <60 mL/min per 1.73 m2 or kidney 
damage as indicated by ACR ≥30 mg/g or other markers 
for more than 3 months.6 As we were unable to ascertain if 
the above abnormalities persisted for more than 3 months, 
we defi ned CKD as GFR <60 mL/min per 1.73 m2 or ACR 
≥30 mg/g in our study.

Statistical Analysis
Categorical data were expressed as number (percentage) 

and continuous data as means ± standard deviation 
(SD) unless otherwise stated. Differences in patient 
characteristics, risk factors, medications and complications 
among categories of risk for CKD outcomes (low, moderate 
and high/very high risk) were studied using chi-square test 
for categorical variables, and one-way ANOVA or Kruskal 
Wallis for continuous variables where appropriate. Logistic 
regression was used to estimate the odds ratio (OR) for 
the association between patient characteristics and CKD. 
Variables were subsequently included in the age-adjusted 
multivariable logistic regression if P <0.1 in the bivariate 
logistic regression. Statistical signifi cance is taken at P 
<0.05. Statistical analysis was performed using STATA 
version 13 (STATA Corporation, College Station, Texas).

Results
Table 1 shows the baseline characteristics of the 1861 

patients with T2DM as follows: mean age, 57.5 ± 10.7 
years; 50.1% males; duration of diabetes, 10 years (4 years 
to 16 years),  mean body mass index (BMI), 27.7 ± 5.2 kg/
m2; mean HbA1c, 7.5% (6.8% to 8.5%); 46.6% with BP 
≥140/80 mmHg; 17.1% with high TC; 51.5% with high 
LDL-cholesterol; 37.9% with low HDL-cholesterol; and 
35.9% with high TG.

The distribution by risk for outcome of CKD was as 
follows: low risk, 47%; moderate risk, 27.2%; high risk, 
12.8%; and very high risk, 13%. Of the 1861 patients, 53% 
had CKD, 21.4% had GFR <60 mL/min per 1.73 m2 and 
48% had ACR ≥30 mg/g. Figure 1 shows the distribution 
by GFR and albuminuria categories. 

The characteristics of patients by CKD risk categories 
are shown in Table 1. Patients with moderate or high/very 
high risk of CKD tended to be older, of Malay ethnicity, 
had longer duration of diabetes, with higher BMI, HbA1c 
≥8%, BP ≥140/80 mmHg, low HDL cholesterol, and high 

TG (P <0.001 for all). 
Compared to the low risk for CKD group, the moderate 

and high/very high risk groups had higher proportions of 
use of insulin, aspirin, angiotensin-converting enzyme 
(ACE) inhibitor or  angiotensin II receptor blocker (ARB) 
and statins (P <0.001 for all). In terms of complications, 
patients in the moderate and high/very high risk groups were 
more likely to have proliferative retinopathy, neuropathy 
and CVD (which includes heart attack, blockade of arteries, 
balloon angioplasty of blocked artery of the heart, bypass 
operation, stroke or PAD (P <0.001 for all). 

Risk Factors for CKD 
The signifi cant risk factors in the multivariable model 

were neuropathy (OR 3.64, 95% CI, 1.99 to 6.65); BP 
≥140/80 mmHg (OR 2.45, 95% CI, 1.86 to 3.23), TG ≥1.7 
mmol/L (OR 1.77, 95% CI, 1.3 to 2.4), BMI (OR 1.07, 
95% CI, 1.04 to 1.1); duration of DM (OR 1.05, 95% CI, 
1.03 to 1.07), HbA1c ≥9% (OR 1.8, 95% CI, 1.16 to 2.78), 
age (OR 1.02, 95% CI, 1 to 1.03), HBA1c 8% to <9% (OR 
1.57, 95% CI, 1.06 to 2.34); CVD (OR 1.45, 95% CI, 1.02 
to 2.05) and proliferative retinopathy (OR 1.79, 95% CI, 
1 to 3.2) (Table 2). 

Discussion
The prevalence of CKD among T2DM, defi ned as ACR 

≥30 mg/g or GFR <60 mL/min per 1.73 m2, was reported 
to range from 27.9% to 77% in other countries.9-15 The wide 
variation in the burden of CKD in these studies could be due 
to differences in CKD defi nition or patient profi les such as 
ethnicity and healthcare setting, i.e. primary care catchment 
versus hospital care. In our study, 53% of T2DM patients 
had CKD as defi ned by KDIGO. The higher prevalence of 
CKD in our study population as compared to most of the 
earlier studies could be attributed to the more advanced 
cases managed in KTPH DM Centre (i.e. referral bias to 
a secondary hospital). It may also refl ect the high (and 
rising) burden of diabetes in an urbanised society like 
Singapore—our latest national health survey suggested that 
approximately 11.3% of the adult population had diabetes.2 

Although it is likely that most of the CKD is secondary to 
DM, we do not know the proportion of individuals whose 
CKD can be attributable to other causes such as hypertension, 
IgA nephropathy and chronic glomerulonephritis. Other 
possible reasons for the relatively high prevalence of 
CKD in our study populations include: Asian’s ethnic 
related susceptibility to diabetic nephropathy;23 seniority 
of study population and age-dependent eGFR formula;24 
high burden of atherosclerosis and arterial calcifi cation.25 
Nonetheless, the high prevalence of CKD in our study 
constitutes a signifi cant public health concern as it not only 
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Table 1. Characteristics of Patients by CKD Risk Categories (Low, Moderate and High/Very High)

Characteristics All*
(n = 1861)

Low Risk* 
(n = 875)

Moderate Risk*  
(n  = 506)

High/Very High 
Risk* 

(n = 480)
P Value

Age (years) 57.5 ± 10.7 55.8 ± 10.8 57.6 ± 10.4 60.5 ± 10.3 <0.001

Gender 

Male 932 (50.1) 428 (48.9) 240 (47.4) 264 (55) 0.038

Ethnic group <0.001

Chinese 950 (51.1) 464 (53) 236 (46.6) 250 (52.1)

Malay 427 (22.9) 152 (17.4) 135 (26.7) 140 (29.2)

Indian 428 (23) 228 (26.1) 120 (23.7) 80 (16.7)

Others 56 (3) 31 (3.5) 15 (3) 10 (2.1)

Duration of diabetes (years) 10 (4 – 16) 7 (3 – 12) 10 (4 – 16.5) 15 (9 – 20) 0.0001

Control of Risk Factors

Smoking history 0.012

Never 1570 (84.6) 755 (86.3) 422 (83.7) 393 (82.4)

Ex-smoker 131 (7.1) 54 (6.2) 29 (5.8) 48 (10.1)

Current smoker 155 (8.4) 66 (7.5) 53 (10.5) 36 (7.6)

Body mass index (kg/m2) 27.7 ± 5.2 27.1 ± 4.9 28.4 ± 5.5 28.2 ± 5.2 <0.001

Waist circumference (cm) 95.3 (88.1 – 104.5) 93.6 (87.1 – 103.1) 96.8 (89.1 – 106.7) 96.5 (88.4 – 104.2) 0.0006

HbA1c (%) 7.5 (6.8 – 8.5) 7.2 (6.7 – 8.2) 7.6 (6.9 – 8.7) 8 (7.1 – 9) 0.0001

HbA1c group <0.001

<7% 575 (30.9) 334 (38.2) 140 (27.7) 101 (21)

7% to <8% 588 (31.6) 292 (33.4) 157 (31) 139 (29)

8% to <9% 365 (19.6) 135 (15.4) 111 (21.9) 119 (24.8)

≥9% 333 (17.9) 114 (13) 98 (19.4) 121 (25.2)

Systolic BP (mmHg) 139 (127 – 152) 133 (123 – 146) 141 (130 – 153) 149 (136 – 164) 0.0001

Diastolic BP (mmHg) 79.1 ± 9.6 77.9 ± 8.8 80.6 ± 9.6 79.7 ± 10.7 <0.001

BP ≥140/80 mmHg 568 (46.6) 198 (33.8) 179 (53.9) 191 (63.5) <0.001

Total cholesterol (mmol/L) 4.3 (3.8 – 4.9) 4.3 (3.8 – 4.9) 4.3 (3.8 – 4.9) 4.4 (3.8 – 5) 0.189

Total cholesterol ≥5.2 
mmol/L 318 (17.1) 131 (15) 91 (18) 96 (20) 0.05

HDL cholesterol in men 
(mmol/L) 1.2 (1 – 1.3) 1.2 (1 – 1.4) 1.2 (1 – 1.3) 1.1 (0.9 – 1.3) 0.0125

HDL cholesterol in women 
(mmol/L) 1.4 (1.2 – 1.6) 1.4 (1.2 – 1.6) 1.3 (1.1 – 1.6) 1.3 (1.1 – 1.5) 0.0001

HDL cholesterol ≤1 mmol/L 
in men or ≤1.3 mmol/L in 
women 

704 (37.9) 288 (32.9) 209 (41.3) 207 (43.2) <0.001

LDL cholesterol (mmol/L) 2.6 (2.2 – 3.2) 2.6 (2.2 – 3.2) 2.6 (2.2 – 3.2) 2.7 (2.2 – 3.3) 0.547

LDL cholesterol ≥2.6 mmol/L 957 (51.5) 444 (50.7) 256 (50.6) 257 (53.7) 0.534

Triglycerides (mmol/L) 1.4 (1 – 2) 1.3 (1 – 1.8) 1.4 (1.1 – 1.9) 1.7 (1.2 – 2.3) 0.0001

Triglycerides ≥1.7 mmol/L 668 (35.9) 239 (27.3) 187 (37) 242 (50.5) <0.001

BP: Blood pressure; CKD: Chronic kidney disease; CVD: Cardiovascular disease; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; PAD: 
Peripheral artery disease
*Categorical variables were expressed as numbers (%). Continuous variables were expressed as mean ± SD for normally distributed variables or median 
(25% and 75% quartile) for non-normally distributed variables.
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Table 1. Characteristics of Patients by CKD Risk Categories (Low, Moderate and High/Very High) (Con't)

Characteristics All* 
(n = 1861)

Low Risk* 
(n = 875)

Moderate Risk*  
(n  = 506)

High/Very High 
Risk* 

(n = 480)
P Value

Medications

Use of insulin 536 (29) 155 (17.8) 138 (27.4) 243 (51.1) <0.001

Use of aspirin 427 (23.1) 130 (14.9) 114 (22.8) 183 (38.4) <0.001

Use of ace-inhibitor or 
angiotensin receptor blocker 1105 (59.5) 355 (40.6) 359 (71.1) 391 (81.8) <0.001

Use of statins 1507 (81.2) 672 (77) 415 (82.3) 420 (87.9) <0.001

Complications

Retinopathy <0.001

Normal 1284 (71.7) 669 (79.6) 366 (75.8) 249 (53.1)

Non-proliferative 327 (18.3) 138 (16.4) 77 (15.9) 112 (23.9)

Proliferative 181 (10.1) 33 (3.9) 40 (8.3) 108 (23)

PAD 250 (14.4) 80 (9.7) 69 (14.6) 101 (23.2) <0.001

Neuropathy 171 (9.6) 30 (3.6) 35 (7.2) 106 (23.7) <0.001

PAD and neuropathy 46 (2.6) 5 (0.6) 8 (1.6) 33 (7.3) <0.001

Heart attack 32 (3.6) 5 (1.2) 9 (3.6) 18 (8.2) <0.001

Blockade of arteries to the 
heart 84 (9.7) 25 (6.3) 27 (11) 32 (14.6) 0.003

Balloon angioplasty of 
blocked artery of the heart 49 (5.6) 16 (3.9) 15 (6) 18 (8.1) 0.084

Bypass operation 42 (4.8) 12 (2.9) 17 (6.8) 13 (5.9) 0.051

Stroke 29 (3.3) 8 (2) 9 (3.6) 12 (5.4) 0.062

CVD 356 (20) 117 (13.9) 106 (22.1) 133 (29.2) <0.001

BP: Blood pressure; CKD: Chronic kidney disease; CVD: Cardiovascular disease; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; PAD: 
Peripheral artery disease
*Categorical variables were expressed as numbers (%). Continuous variables were expressed as mean ± SD for normally distributed variables or median 
(25% and 75% quartile) for non-normally distributed variables.

Fig. 1. Distribution by GFR and albuminuria categories (n = 1861). 
Classifi cation is based on KDIGO 2012 Clinical Practice Guidelines for 
the Evaluation and Management of Chronic Kidney Disease.6

GFR: Glomerular fi ltration rate
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Table 2. Factors Associated with CKD Status

Characteristics
OR (95% CI) P Value

Bivariate Multivariable*

Age (per year) 1.03 (1.02 – 1.04) <0.001 1.02 (1 – 1.03) 0.016

Male vs female 1.09 (0.91 – 1.31) 0.343

Duration of diabetes (per year) 1.06 (1.05 – 1.07) <0.001 1.05 (1.03 – 1.07) <0.001

Chinese vs others 1.3 (0.76 – 2.23) 0.344 1.14 (0.48 – 2.73) 0.769

Malays vs others 2.24 (1.28 – 3.94) 0.005 1.5 (0.61 – 3.7) 0.374

Indians vs others 1.09 (0.62 – 1.9) 0.769 0.78 (0.32 – 1.92) 0.591

Ex-smoker vs non-smoker 1.32 (0.92 – 1.9) 0.131

Current smoker vs non-smoker 1.25 (0.9 – 1.74) 0.191

Body mass index (per kg/m2) 1.05 (1.03 – 1.07) <0.001 1.07 (1.04 – 1.1) <0.001

HbA1c 7% to <8% vs HbA1c <7% 1.4 (1.11 – 1.77) 0.004 1.04 (0.73 – 1.47) 0.835

HbA1c 8% to <9% vs HbA1c <7% 2.36 (1.8 – 3.09) <0.001 1.57 (1.06 – 2.34) 0.025

HbA1c ≥9% vs HbA1c <7% 2.66 (2.01 – 3.52) <0.001 1.8 (1.16 – 2.78) 0.008

BP ≥140/80 mmHg 2.76 (2.18 – 3.48) <0.001 2.45 (1.86 – 3.23) <0.001

Total cholesterol ≥5.2 mmol/L 1.33 (1.04 – 1.7) 0.021 1.02 (0.7 – 1.5) 0.908

HDL cholesterol ≤1 mmol/L in men or ≤1.3 
mmol/L in women 1.49 (1.23 – 1.8) <0.001 1.25 (0.92 – 1.68) 0.153

LDL cholesterol ≥2.6 mmol/L 1.05 (0.88 – 1.27) 0.564

Triglycerides ≥1.7 mmol/L 2.05 (1.69 – 2.5) <0.001 1.77 (1.3 – 2.4) <0.001

Non-proliferative retinopathy vs normal 1.5 (1.17 – 1.9) 0.001 0.93 (0.64 – 1.35) 0.703

Proliferative retinopathy vs normal 4.88 (3.29 – 7.23) <0.001 1.79 (1 – 3.2) 0.049

Neuropathy 4.81 (3.21 – 7.22) <0.001 3.64 (1.99 – 6.65) <0.001

CVD 2.13 (1.67 – 2.72) <0.001 1.45 (1.02 – 2.05) 0.039

CKD: Chronic kidney disease; CVD: Cardiovascular disease; HDL: High-density lipoprotein; LDL: Low-density lipoprotein
*The multivariable model includes age, ethnic group, duration of diabetes, BMI, HbA1c group, BP ≥140/80 mmHg, total cholesterol ≥5.2 mmol/L, HDL 
cholesterol ≤1 mmol/L in men or ≤1.3 mmol/L in women, triglycerides ≥1.7 mmol/L, history of retinopathy, history of neuropathy, and history of CVD. 

heralds the rise of ESRD, but also an in-tandem rise in other 
closely associated comorbidities such as cardiovascular 
diseases. This may contribute to the rising cost of health 
care for serious chronic conditions in Singapore. It also 
highlights the importance of routine rigorous screening for 
CKD and subsequently aggressive intervention to retard 
renal progression. In corollary, relevant health education 
targeting T2DM patients, their families and care providers 
will be vital.24

Our study has demonstrated that serious comorbidities 
such as neuropathy, cardiovascular disease and proliferative 
retinopathy are highly prevalent among individuals with 
CKD (Table 2). Of note, a study in Japan showed that 
diabetic micro and macroangiopathies were more prevalent 
in the later stages of both GFR and albuminuria.15 Therefore, 
simultaneous screening for these comorbidities should 
be carefully considered and acted upon when clinically 
indicated. Our data reiterated that major traditional risk 
factors (e.g. smoking, hyperglycaemia, dyslipidaemia and 
hypertension) are associated with CKD. These risk factors 

are likely to be causal because several landmark clinical 
trials have provided strong evidence to suggest that diligent 
control of these risk factors can retard renal progression as 
well as ameliorate the risk for cardiovascular disease.26-28 
Therefore, our data reminded us of the need to strengthen 
our diabetes care programme to meet the rising challenge 
of CKD.  

Our study shows that only 30.9% of patients had met 
the target of HbA1c <7% and 53.4% had BP <140/80 
mmHg. The lipid targets were achieved in more than 
60% of patients, with the exception of LDL-cholesterol 
where 48.5% met the target of <2.6 mmol/L. Our results 
on treatment targets are comparable with fi ndings from 
other countries. The National Healthcare Quality Report 
from the US shows that the proportions of adults aged 40 
and above with diagnosed DM who achieved HbA1c <7% 
and BP <140/80 mmHg were 52% and 65% respectively,29 

whereas the 2011 to 2012 National Diabetes Audit report 
from the UK showed that proportions of patients in England 
and Wales who achieved HbA1c <6.5% and <7.5%, BP 
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<140/80 mmHg and cholesterol <5 mmol/L were 24.7%, 
62.7%, 48.1% and 77% respectively.30 Therefore, it is 
important to continue to strive towards optimising risk 
factor management among our T2DM population. Having 
said so, we are cognisant of the possibility that not meeting 
the traditionally recommended glycaemic target of HbA1c 
<7% may refl ect the evolving paradigm shift in clinical 
practice guidelines, which recommend less intensive 
glycaemic control in population with heavy comorbidities 
such as CKD or CVD because of the paradoxical increase 
in mortality that is probably related to treatment-associated 
severe hypoglycaemia.19

There are limitations in our study. Firstly, the cross-
sectional design of our study precludes any causal inference 
between CKD and their risk factors. Secondly, it is possible 
for misclassifi cation on retinopathy to occur when the 
information was obtained from questionnaire. Another 
limitation was that our study was confi ned to only patients 
with T2DM in the polyclinics and diabetes centre in a local 
hospital, and hence the fi ndings cannot be generalised to 
the general diabetes patient population, including those 
with T1DM.  

To the best of our knowledge, this is the fi rst study on the 
prevalence of CKD and its risk outcomes in patients with 
T2DM using the recent KDOQI 2012 criteria in Singapore. 
The fi ndings have established the baseline profi le of CKD 
prevalence and CKD risks amongst patients with T2DM 
for future management and prevention strategies. They will 
help clinicians appreciate the magnitude of CKD among 
patients with T2DM and exercise vigilance in diabetes 
care, especially in those known risk factors. It is hoped 
that our study will provide impetus for further research 
on renal complications in DM patients so as to improve 
clinical outcomes. 

Conclusion
CKD is highly prevalent among patients with T2DM 

in Singapore. Several risk factors for CKD are well 
elucidated and amenable to interventions. Our data suggest 
substantial unmet challenges of CKD risk factors among 
T2DM population. Therefore, routine screening for renal 
impairment and enhanced programme for global risk factors 
reduction is important to stem the tide of CKD in T2DM.
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